Invasive candidiasis in patients who are immunocompromised or in intensive care units (ICUs) presents both diagnostic and therapeutic problems. We previously described antibodies that were directed against Candida albicans cell wall fragments (CW), periodate-treated CW (CW IO4 ), phosphopeptidomannan (PPM), and ␤(1-3) glucan. In this study, circulating fungal antigens [mannan and ␤(1-3) glucan] and immunoglobulin G (IgG) subclass antibodies to these cell wall antigens (anti-CW) were analyzed in patients with systemic candidiasis. Sera were collected from 14 patients on two or three consecutive occasions, starting on the day when candidiasis was culture proven. The sera were analyzed by enzyme-linked immunosorbent assay. The control groups consisted of lactating mothers (n ‫؍‬ 9) (group I) who had breast milk that was positive for C. albicans and also had acute inflammation of the nipples, and age-matched blood donors (n ‫؍‬ 10) (group II). Within the first 3 weeks of Candida infection all of the patients were positive for ␤(1-3) glucan by the Gluspecy test, but no patients were positive for mannan in the less-sensitive Pastorex Candida test. The controls were negative for both ␤(1-3) glucan (<20 pg/ml) and mannan (<2.5 ng/ml). IgG1 anti-CW and IgG2 anti-PPM antibodies were the most discriminatory antibodies. The ratio of IgG1 anti-CW to IgG2 anti-PPM was significantly lower in nonsurviving patients than in the other patients within the first week of candidiasis (P ‫؍‬ 0.019). The IgG2 levels of anti-CW IO4 and antiglucan antibodies correlated strongly (r ‫؍‬ 0.681; P < 0.0001), and the absence of these antibodies was associated with increased levels of ␤(1-3) glucan. Increased levels of IgG1 anti-CW or IgG2 anti-PPM antibodies (titer of >3 logs) or of a combination of the two antibodies (log sum, >5) showed 92% sensitivity, 100% specificity, and positive predictive values. In conclusion, ␤(1-3) glucan and the two subclass antibodies appear to be early specific markers for the laboratory diagnosis of candidiasis. Furthermore, the kinetics of ␤(1-3) glucan appearance in serum may assist in evaluating the therapeutic efficacy of antifungal treatments.
For decades the incidence of invasive Candida infections has been rising, particularly in immunocompromised patients. The Candida genus is the fourth most common group of microorganisms recovered from the bloodstream of patients in the United States, and the incidence is also rising in Europe (23, 32) . Leukemic and transplant patients with general defects in one or more immune defense mechanisms, as well as surgical patients in intensive care units (ICUs), frequently suffer from candidiasis. The infection is usually of endogenous origin (31) . Difficulties in establishing a specific and early diagnosis of Candida infection is one of the reasons for the high mortality rate among these patients, so great efforts have been directed towards finding more rapid diagnostic methods (1, 5) .
The major Candida albicans antigen is the highly branched and complex mannan component of the cell wall (20) . Although methods for the detection of mannan in serum have been used for immunodiagnosis of systemic Candida infection with very high positive predictive values, it is estimated that Ͻ50% of cases of candidiasis are detected (3) . The glucan of C. albicans cell wall consists of a ␤(1-3)(1-6) glucan heteropolymer (11) , and C. albicans releases ␤(1-3) glucan into the culture medium during growth (18) . The released glucan can be detected by a biochemical assay that uses amebocyte lysate coagulation factors from the horseshoe crab (21) .
We recently reported that patients with systemic candidiasis have elevated levels of immunoglobulin G (IgG) antibodies to native cell wall fragments (CW) of C. albicans and to the phosphopeptidomannan (PPM) fraction of the cell wall, compared with healthy blood donors (15) . Thus, the appearance of cell wall mannans and glucans in many Candida-infected patients, as well as the diversity of IgG antibody formation with respect to specificity, suggests the need for further investigation into the subclass distribution of these IgG antibodies.
The human IgG subclasses differ with respect to physical, chemical, and biological properties. IgG1, IgG2, and IgG3 activate complement, although IgG2 does so in a less efficient manner than the others. In contrast to IgG1, IgG3, and IgG4, the IgG2 antibody has no or low binding capacity to human mononuclear cells and neutrophils. The subclass distribution of the antibody response is influenced by the nature of the immunogen, the localization of entry into the body, and the age of the host. IgG1 and IgG3 antibodies are induced mainly by protein antigens, whereas IgG2 is raised mainly against polysaccharides (7, 16, 28) .
In the present study, the IgM and IgG subclass antibody responses in serum to native CW and periodate-treated CW (CW IO4 ), PPM, and ␤(1-3)(1-6) glucan were studied using recently developed methods, and circulating levels of ␤(1-3) glucan and mannan were determined with commercially available kits. These analyses were conducted with patients with systemic candidiasis in order to elucidate the discriminatory power of these assays in cases of invasive candidiasis. Our results shed some light on the preconditions for the formation of C. albicans antigen-antibody complexes that have the capacity to circulate in the bloodstream.
MATERIALS AND METHODS
C. albicans. The C. albicans serotype A strain (ATCC 64549) was grown in Sabouraud dextrose broth on a shaker (50 rpm) at 37°C for 24 h. The blastoconidium cells were obtained from the culture medium by centrifugation. The cells were washed three times in distilled water. The yeast cells expressed the antigenic factors 4, 5, and 6 (Candida Check; Iatron Laboratories, Tokyo, Japan) (15) .
Antigens. (i) C. albicans CW. Candida CWs were prepared by the method described earlier (15) . Briefly, washed C. albicans yeast cells were shaken repeatedly together with glass beads. The supernatant fluid was collected, and the fragments were sedimented by centrifugation at 1,200 ϫ g for 10 min.
(ii) CW IO4 . The Candida CWs were treated with sodium periodate to destroy the carbohydrate structures by oxidation, as described previously (15) . Briefly, 0.15 M NaIO 4 was added to the CW, which was suspended in 0.1 M sodium phosphate buffer (pH 6). The reaction was stopped after 3 h by the addition of 0.15 M Na 2 SO 3 , and the suspension was dialyzed against 0.1 M phosphate buffer (pH 6) followed by distilled water. The CW IO4 suspension was lyophilized.
(iii) PPM. PPM was extracted as described earlier by Kondori et al. (15) . Thus, the characteristics of the PPM antigen have been described in more detail previously (15) . Briefly, freeze-dried C. albicans yeast cells were suspended in phosphate buffer (pH 7.0) and heat treated at 100°C for 2 h. The mildly extracted cell wall antigen was fractionated with cetavlon at pH 8.8 in the presence of boric acid. The precipitate was washed with sodium borate (pH 8.8) and dissolved in acetic acid with sodium acetate. After precipitation with ethanol the precipitate was washed with 2% acetic acid in ethanol and thereafter once more with ethanol. The water-soluble precipitate was lyophilized. This fraction was composed of approximately 90% carbohydrate, 10% protein, and 0.8% phosphate (15) .
(iv) Glucan. Glucan from Saccharomyces cerevisiae (Sigma Chemical Co., St. Louis, Mo.) was used. Glucan consists of ␤(1-3)(1-6)-linked glucose residues. This structure is also found in the glucan of C. albicans (12, 13) . The S. cerevisiae glucan, which is insoluble in water, was solubilized at a concentration of 10 mg/ml in 0.3 M NaOH.
Study groups. (i) Candidiasis. Serum samples were collected from 14 patients (age [mean Ϯ standard deviation], 62 Ϯ 12 years) on two or three consecutive occasions, starting on the day when candidiasis was culture proven ( Table 1) . All of the patients were treated with flucytosine during the serum collection period. The patients were classified according to the following laboratory and clinical criteria: (i) positive culture from normally sterile sites (blood, bile, and pericardial fluid); (ii) the presence of risk factors (cancer and chemotherapy, abdominal surgery, or the use of broad-spectrum antibiotics); and (iii) the presence of an infectious syndrome (fever) that did not respond to antibacterial therapy. Deaths that occurred within 2 months of the initiation of antimycotic treatment were regarded as being related to the fungal infection or a combination of the underlying disease and infection.
(ii) Controls. Two control groups were included in this study. One group (group I) comprised nine lactating mothers with superficial C. albicans infection of the nipples (age [mean Ϯ standard deviation], 31 Ϯ 5 years). Milk samples from these women were positive for C. albicans, and all suffered from pain and inflammation of the nipples. The other group consisted of 10 healthy blood donors (7 men and 3 women; age [mean Ϯ standard deviation], 60 Ϯ 4 years) (group II).
The study protocol was approved by the local ethics committee, Göteborg, Sweden (approval no. S131-00), and all patients gave informed consent.
IgG subclass antibody analysis. Microplate wells (Immunoplate; Nunc, Roskilde, Denmark) were coated with 100 l of 50-g/ml CW or CW IO4 . In the cases of glucan and PPM, concentrations of 20 and 5 g/ml, respectively, were used. The antigens were diluted in 50 mM Na 2 CO 3 buffer, pH 9.3. The plates were incubated at room temperature (RT) for 2 h and then kept at 4°C overnight. The plates were rinsed with phosphate buffered saline (PBS), 100 l of blocking buffer (BF; 1% bovine serum albumin, 0.05% Tween 20 in PBS) was added to each well, and the plates were incubated for 1 h at RT. The plates were rinsed once with 0.05% Tween 20 in PBS (PBS-T). Human sera, which were diluted in 10-fold serial steps (1/100 to 1/10,000) in BF, were added to the wells (100 l) and incubated for 2 h at RT. The plates were rinsed three times with PBS-T between incubation steps. Murine monoclonal antibodies to IgG1 (JL512), IgG2 (GOM1), IgG3 (ZG4), and IgG4 (RJ4) (Immunotech, Marseille, France) were diluted in BF and added to the wells (100 l). The plates were incubated at RT for 2 h, and 100 l of biotinylated rabbit anti-mouse IgG [F(ab) 2 ; Dako, Glostrup, Denmark] diluted 1/5,000 in BF was added. After incubation at RT overnight, 100 l of a 1/10,000 dilution of alkaline phosphatase-conjugated extravidin (Sigma) were added, and the plates were incubated at RT for 60 min. para-Nitrophenylphosphate (100 l of 1 mg/ml; Sigma) in diethanolamine buffer (pH 9.8) was added to each well, and the absorbance was read at 405 nm, i.e., after 30 min of incubation when a suitable color had developed in the positive standard serum (see below).
Two serum samples were included as standards in each assay: one with a high antibody titer (positive standard, pooled sera from patients) and the other with a low antibody titer (pooled sera from healthy individuals). A graph was plotted for each serum sample and the standards. The serum antibody titer was defined as the log of the dilution that gave an absorbance value of 0.15 above the background value. When the log value of the positive standard varied by more than 10% compared to the mean value based on 10 separate runs, the titers of the patient samples were adjusted accordingly. The interassay variation, which was expressed as the coefficient of variation (CV) of three serum samples, was analyzed on three separate occasions and found to be Ͻ8%, irrespective of the IgG subclass or antigen used.
Glucan determination. The ␤(1-3) glucan concentration in serum was determined using the Gluspecy kit (Seikagaku, Tokyo, Japan). All of the glassware used was heated to 180°C overnight to inactivate any contaminants. Serum samples were diluted 1/10 in pyrogen-free water and heat inactivated at 75°C for 10 min to inactivate inhibitory factors that might be present in the serum (26) . The assay was run according to the manufacturer's manual, including the azocoupling procedure for increasing the sensitivity of the assay. The absorbance of the samples was read at 560 nm, and a standard curve was plotted. The ␤(1-3) glucan concentration was determined for each sample, and a cutoff value for a positive glucan level was set at 20 pg/ml, which was approximately three times the mean level in healthy blood donors (glucan level [mean Ϯ standard deviation], 7.0 Ϯ 1.5 pg/ml). Mannan determination. Mannans in the serum were assayed using a commercially available latex agglutination test (Candida Pastorex; Sanofi Diagnostics Pasteur) according to the manufacturer's instructions.
Statistical analysis. The data were analyzed by the method of Kruskal-Wallis to avoid random significance when comparing several groups. Correlations were analyzed by Spearman's rank correlation test.
RESULTS
Circulating antigens. Analysis of ␤(1-3) glucan in the serum of patients with candidiasis showed that 37 of 38 samples were positive (levels Ͼ20 pg/ml) (Fig. 1) . However, the sample that was negative for ␤(1-3) glucan was collected 3 weeks after the initial cultivation of C. tropicalis from one patient (patient 12) (Fig. 1) . Out of the five patients (patients 7 to 11) who subsequently died, four showed glucan concentrations of at least 120 pg/ml (Fig. 1) . Only one (patient 7) had glucan levels of Ͻ100 pg/ml in all samples. The remaining nine surviving patients had glucan levels of Ͻ100 pg/ml in their last serum samples, with the exception of patients 1, 4, 5, and 14. However, one of these patients (patient 1) showed glucan levels that dropped from more than 300 to 110 pg/ml, which was probably an indication of recovery. The patient with the lowest glucan level (patient 12) (Table 1) was infected with C. tropicalis.
The ␤(1-3) glucan concentrations in the serum samples of patients with superficial fungal infections and from healthy blood donors were all Ͻ20 pg/ml. Thus, the concentrations of ␤(1-3) glucan in serum samples of patients with systemic candidiasis were significantly elevated compared to those of the controls.
The sera of the patients and controls were also analyzed for mannan using the Pastorex Candida assay. In this instance, the results for all of the patients and controls were negative.
IgG subclass antibodies against C. albicans. (i) IgG antibodies to CW. IgG-subclass antibody analysis using C. albicans CW as the coating antigen showed that IgG1, IgG2, and IgG3 antibody levels were significantly elevated in patients with invasive Candida infections compared to the results seen with the control groups (Fig. 2a to c) . The majority of the samples from patients with C. albicans infections showed positive anti-CW IgG1, IgG2, and IgG3 titers. However, all of the samples from two (patients 12 and 14) (Table 1 ) of the three patients who were infected with C. tropicalis or C. glabrata were negative for IgG1 antibody to C. albicans CW (Fig. 3a) . Only one of the women with superficial C. albicans infection of the nipples (group I) was positive for IgG1 antibodies to CW (Fig. 2a) .
Three patients were negative in all of the tests for IgG2 antibodies to CW (Fig. 3b) . Two of these patients were infected with C. glabrata ( Fig. 3b; Table 1 ). Two out of nine patients in control group I showed borderline-positive titers for this antibody (Fig. 2b) .
One of the two patients who were negative for IgG3 antibodies to CW was infected with C. glabrata (Fig. 3c) . This patient did not show any anti-CW response (Fig. 3a to c) . All of the healthy blood donors were negative for IgG3 antibodies, while two women in group I were positive. No significant differences (P Ͼ 0.05) were found between the patients and the controls regarding IgG4 and IgM antibodies to CW, with only small variations in the titers (not shown).
(ii) IgG1, IgG3, and IgG4 antibodies to CW IO4 , glucan, and PPM. No discriminatory differences were found between the patients and the controls with respect to IgG1, IgG3, and IgG4 antibodies to CW IO4 , glucan, and PPM (data not shown).
(iii) IgG2 antibodies to CW IO4 . For the two last sampling points (Ն7 to 13 and Ն14 days) the levels of IgG2 antibodies to CW IO4 were significantly higher than those in control group I (Fig. 2e) . Four of the patients were negative for these antibodies, and one of these did not survive (Fig. 3e) . In addition, all four patients displayed increased glucan values with time (P ϭ 0.0037; Fisher's exact test).
(iv) IgG2 antibodies to PPM. Levels of IgG2 antibodies to PPM were significantly increased in the candidiasis patients compared to those in the controls (Fig. 2d) . All of the patients were positive for IgG2 antibody to PPM (Fig. 3d) . Only one serum sample, which was taken within the first week, tested negative. This very early serum sample was also negative in all of the other antibody tests, except for the IgG3 anti-CW assay, in which the titer reached the limit of detection. Note that patient 14 (Table 1) , despite immunosuppressive treatment, was positive at all time points for IgG2 antibody to PPM and at the last time point was positive for IgG2 antiglucan. In addition, C. glabrata was isolated from this patient. Three of the controls in group I were positive for IgG2 antibodies to PPM, whereas all of the healthy blood donors were negative (Fig.  2d) . The ratios of the levels of IgG1 anti-CW to IgG2 anti-PPM were significantly lower in nonsurviving patients than in the other patients, especially within the first week (Ͻ7 days) of cultivation of Candida from blood samples (P ϭ 0.019; data not shown).
FIG. 1. Glucan concentrations in serum from patients with systemic candidiasis. Kinetics of the glucan concentration for each patient with respect to the time at which Candida was isolated (day 0) is shown. Samples with glucan concentrations of Ն20 pg/ml were considered to be positive. The numbers after the symbols refer to the patient number in Table 1 . Open symbols represent nonsurvivors, and patients whose symbols are connected with a broken line were infected with Candida species other than C. albicans.
(v) IgG2 antibodies to glucan. The levels of IgG2 antibodies to glucan were also significantly higher in the candidiasis patients than in the controls, except in the case of serum samples taken at Ͻ7 days (Fig. 2f) . Three patients, all of whom were infected with C. albicans, tested negative in all of the samples (Fig. 3f ). These were the same patients that were found negative for IgG anti-CW IO4 (Fig. 3e) . One of the controls in group I and another in group II were positive for IgG anti-CW IO4 (Fig. 2f) .
Statistical analysis. (i) Correlation between different antibodies.
A strong correlation was found between the levels of IgG2 anti-CW and IgG2 anti-PPM antibodies, and somewhat less of a correlation was found between the levels of IgG2 anti-CW and IgG2 anti-CW IO4 , which possibly reflects the fact that PPM is the predominating antigen in CW (Table 2) . Furthermore, a strong correlation was established between the levels of IgG2 anti-CW IO4 and IgG2 antiglucan antibodies (r ϭ 0.681, P Ͻ 0.0001; data not shown), which may indicate that glucan is a major component of CW IO4 . No correlation was observed between the levels of IgG1 anti-CW and the IgG2 anti-CW IO4 , anti-PPM, and antiglucan antibodies ( Table 2) .
No significant correlation was found between the serum glucan concentration and the level of any IgG subclass. However, the glucan concentrations correlated with the presence of IgM antibodies to CW (r ϭ 0.5384; P ϭ 0.0004).
(ii) Sensitivity, specificity, and positive and negative predictive values. The sensitivity of the IgG2 antibody detection test for CW increased from 85 to 98% when PPM was used ( Table  3 ). The sensitivities of the IgG1 and IgG3 antibody detection tests for CW were almost the same (80 and 85%, respectively). The lowest specificity (26%) was found for IgM antibodies to CW, which means that these antibodies have no diagnostic value.
It is important to be able to distinguish patients with systemic candidiasis from those with other infections as early as possible after the onset of clinical symptoms. For this reason, the discriminatory power of a combination of the most sensitive test (IgG2 anti-PPM) and the most specific test (IgG1 anti-CW antibody) was analyzed (Table 4) . A positive serum sample was defined as either a titer of 3 logs for any of the two antibodies or a log sum of at least 5. Whereas the sensitivity of the combined test was 70% within the first week (Ͻ7 days) of culture-proven candidiasis, it increased to 92% during the second week. The specificity and positive predictive value were 100% for all sampling occasions. Although the glucan concen-FIG. 2. Serum IgG1, IgG2, and IgG3 antibodies to C. albicans cell wall antigens in patients with systemic candidiasis and controls (group I and II). Antibody levels were analyzed by enzyme-linked immunosorbent assay (Ͻ2 log; no detectable antibody activity in serum diluted 1:100). The numbers Ͻ7, 7 to 13, and Ն14 indicate less than 7 days, between 7 and 13 days, and 14 days or more, respectively, after the presumed onset of infection (cultivation of Candida from the blood). Symbols: ‫,ء‬ P Ͻ 0.05; ‫,ءء‬ P Ͻ 0.01; ‫,ءءء‬ P Ͻ 0.001).
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DISCUSSION
The diagnosis of invasive candidiasis is both clinically and microbiologically difficult (9) . To solve this problem, diagnostic methods that are based on the detection of marker substances as well as antibodies to Candida in the serum have been used (4, 6, 21, 25) . Some of these techniques are commercially available, but their clinical usefulness is controversial. In the present study, glucan detection together with assays for IgG1 anti-CW and IgG2 anti-PPM antibodies were found to be reliable and early markers of systemic candidiasis. All of the patients were positive for glucan within the first 2 weeks of systemic candidiasis, whereas the glucan concentrations in all of the controls were lower than the cutoff value (Ͻ20 pg/ml). Similarly, patients with high titers (Ն3 logs) of IgG1 anti-CW or IgG2 anti-PPM or with high combined titers (Ն5 logs) of these antibodies showed 92% sensitivity and 100% specificity.
␤(1-3) glucan is a structural component of the cell wall of C. albicans, as in all of the medically important fungi. The report by Obayashi et al. (21) , in which glucan determination was found to be a promising method for the identification of patients with deep mycosis, is in agreement with our results. Obayashi et al. (21) recorded that 37 of 41 episodes of fungal infection showed positive results, and all of the episodes of nonfungal infections showed glucan concentrations that were lower than the cutoff value (sensitivity and specificity of 90 and 100%, respectively) (21). In our study, the glucan concentrations were determined in three consecutive serum samples from patients who were receiving treatment with flucytosine. Since 80% of the patients who died showed glucan concentrations of Ͼ120 pg/ml, whereas only 33% of the survivors showed values of this magnitude, increasing or persistently high glucan levels (in spite of antifungal treatment) appear to be indicators of more severe outcome. Obayashi et al. observed a similar relationship between the concentration of glucan and the development of infection and noted that the plasma ␤(1-3) glucan concentration tended to decrease as the antifungal therapy brought about clinical improvement (22) . Thus, the success of antifungal treatment in patients with systemic candidiasis may be monitored by consecutive analyses of blood glucan levels.
The Pastorex Candida test was used for the detection of circulating mannan. However, none of our patients showed detectable mannan levels (Ն2.5 ng/ml). The sensitivity of this test has been reported to range between 0 and 25% (6, 8, 17, 19) . In accordance with our results Gutierrez et al. reported that all their patients with candidemia were negative for the Pastorex Candida test (6) . It should also be noted that even if the levels of circulating mannan were fivefold higher than those of glucan, the former would not reach the detection level of Pastorex Candida mannan (Ͼ2.5 ng/ml). The low sensitivity of this test and differences in the patient groups may be an explanation for the reduced detectability of this antigen (10) .
We recently reported that IgG antibodies to native CW and PPM distinguished patients with systemic candidiasis from healthy blood donors (15) . In the present study, a more-detailed analysis of the antibodies to C. albicans CW showed that the IgG2 subclass antibody response predominated and that certain responses of IgG1 and IgG3 subclasses could be measured. The dominating IgG subclass in the overall anti-CW response to the cell wall antigens differed between individual patients (Fig. 3) . The protein that is present in the native CW may be the major antigen that is involved in the IgG1 and IgG3 antibody responses, since these IgG subclasses are mainly induced by protein antigens (7, 28) .
The response to polysaccharide antigens, such as dextran (␣1-6 glucose polysaccharide), is predominated by antibodies of the IgG2 subclass (33) . Consequently, the observed predominance of IgG2 subclass antibodies to C. albicans CW is anticipated, since the cell wall is composed mainly of carbohydrates. Keller et al. showed that normal human serum contained high levels of IgG antibodies that were directed against the glucan components of the nonencapsulated Cryptococcus neoformans cell wall. In that study, the antibody activity could be blocked completely by the addition of glucan from S. cerevisiae. Those IgG antibodies were of the IgG2 subclass (14) . IgG2 antibodies to PPM, which is 90% polysaccharide, were significantly higher in patients with systemic candidiasis than in the controls. Only one serum sample from the candidiasis patient group was negative with regard to this antibody (Fig. 3d ). This serum sample was collected from a patient at the onset of infection.
Our results show the potential value of antibodies in the laboratory assessment of patients with systemic candidiasis. However, IgG subclass antibody analysis confirms only the systemic candidiasis, not the species involved in infection. No consistent difference was found in antibody responses to the C. albicans cell wall antigens between patients who were infected with C. albicans and those who were infected with other Candida species. This is not surprising, since mannans of different Candida species have similar structures and share common cross-reactive epitopes (29) .
The degree of reduced immunocompetence in the present patient group may not be so extensive, since several surgical patients were included. However, the few transplant and lymphoma patients showed clear-cut antibody titers, although these were restricted with respect to IgG subclasses and antigen (Fig. 3) . It was shown recently that immunocompromised patients had increased antimannan antibody titers, which were observed shortly after the first clinical sign of invasive candidiasis (30) . Further studies are needed to confirm that the determination of IgG1 anti-CW and IgG2 anti-PPM antibodies, in combination with ␤(1-3) glucan increases the specificity of diagnosis in immunocompromised patient groups.
All except one of the patients with systemic candidiasis were positive for antibodies to CW and PPM on the first day of culture-proven infection. The kinetics of particularly the IgG2 anti-CW and anti-PPM antibody titers (Fig. 3) showed that half or more of the antibody responses almost had reached their peak levels at the first time point of the analysis. These results, together with the insignificant IgM titers for any of the antigens tested, suggest that these patients had been previously exposed to Candida.
In this study blood culture (or in two cases bile and abdom- b In order to be positive, the individual titers of the two antibodies had to be Ն3 logs, or the combined titers had to be Ն5 logs. VOL. 11, 2004 GLUCAN AND IgG SUBCLASS ANTI-C. ALBICANS ANTIBODIES 349
on October 16, 2017 by guest http://cvi.asm.org/ inal fluid) was used as the "gold standard" for systemic candidiasis in order to evaluate our antibody tests. It should be stressed, however, that although it may appear as though blood culture and Gluspecy provide a definite diagnosis of systemic candidiasis it is known that approximately only half of the systemic candidiasis patients become blood culture positive and that Gluspecy may become positive in patients with fever of unknown origin or patients who are receiving hemodialysis. Therefore, laboratory tests based on a positive Gluspecy result and positive antibody levels (single or in combination [ Table  4 ]) should increase the accuracy of the diagnosis of systemic candidiasis in the absence of a positive blood culture. The patients who died had significantly lower ratios of IgG1 anti-CW/IgG2 anti-PPM antibodies in the first week after the isolation of Candida. It has been suggested that the high concentrations of IgG2 antibodies to Pseudomonas aeruginosa in cystic fibrosis patients block the binding of IgG1 or IgG3, thereby preventing bacteria from being properly phagocytosed and contributing to the poor outcome for these patients (24) . The poor binding of IgG2 to Fc receptors on macrophages and neutrophils may enable fungi to escape phagocytosis. The predominance of the IgG2 subclass antibody response may also reduce complement activation and subsequent killing mechanisms, since IgG2 fixes complement poorly. In addition, IgG2 antibodies may also minimize the inflammatory effects of the formed immune complexes (27) . Moreover, in a recent study on experimental disseminated candidiasis in mice and a C. albicans vaccine, it was suggested that antibodies to C. albicans mannoprotein could block the protective potential of other antibodies (anti-␤ glucan antibodies) (2) . However, the subclasses of the IgG antibodies were not determined.
Early diagnosis of systemic candidiasis is an important factor in decreasing patient mortality. Thus, the highly positive predictive values of the glucan and IgG subclass antibody analyses at the onset of systemic candidiasis are useful when initiating early antifungal treatment. Our results suggest that measurements of the IgG2 anti-PPM and IgG1 anti-CW antibody levels in combination with glucan determinations will contribute to the early diagnosis of systemic candidiasis.
